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(54) BROAD-BAND ANTENNA FOR MOBILE COMMUNICATION 



(57) The present invention provides a broad-band 
antenna for mobile communication in which a desired 
antenna characteristic is obtained in plural frequency 
bands of a portable phone or the like. A metal plate 1 6 
having a suitable shape is disposed on an uppersurface 
of a carrier 14 provided on a circuit board 1 0, and a first 
and a second antenna elements functioning as inverted- 
F antennas respectively resonant at a first frequency 
band and a second frequency band higher than the 
former are formed by electrically connecting the metal 
plate 1 6 to a grounding plate 1 2 and the circuit board 1 0 
by an earthing terminal 18 and a feed terminal 20, re- 
spectively. A third antenna element 24 having a base 



end electrically connected to the feed terminal 20 and 
resonant at a third frequency band higher than the sec- 
ond frequency band is provided on a side surface of the 
carrier 1 4, ends of the second antenna element and the 
third antenna element 24 are disposed to be spaced 
from each other by a distance of 0.1 wavelength or more 
of the third frequency band, and the end of the third an- 
tenna element 24 is disposed to be spaced from the 
grounding plate 1 2 by a distance of 0.01 wavelength or 
more of the third frequency band. Besides, the third an- 
tenna element may be made resonant at a fourth fre- 
quency band higher than the third frequency band, and 
a matching circuit to perform matching for the third fre- 
quency band may be provided. 
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Description 

Technical Field 

[0001] The present invention relates to a broad-band 
antennafor mobile communication, which transmits and 
receives plural frequency bands for mobile communica- 
tion such as in a portable phone. 

Background Art 

[0002] As frequency bands for mobile communication 
of portable phones, GSM (880 to 960 MHz) and DCS 
(1710 to 1880 MHz) are used in Europe, AMPS (824 to 
894 MHz) and PCS (1850 to 1990 MHz) are used in the 
United States, and PDC 800 (810 to 960 MHz) and PDC 
1500 (1429 to 1501 MHz) are used in Japan. Then, as 
a built-in antenna of a portable phone, an antenna ca- 
pable of transmitting and receiving two frequency bands 
respectively corresponding to areas where the equip- 
ment is used is generally used. 

[0003] An example of a structure of this conventional 
dual band antennafor mobile communication will be de- 
scribed with reference to Fig. 29. Fig. 29 is an outer ap- 
pearance perspective view of the example of the struc- 
ture of the conventional dual band antenna for the mo- 
bile communication. In Fig. 29, a grounding plate 12 is 
disposed on substantially the whole surface of a circuit 
board 1 0. A carrier 1 4 made of a dielectric is disposed 
on the circuit board 1 0, and a metal plate 1 6 of a good 
conductor functioning as an antenna element is dis- 
posed on the upper surface of this carrier 1 4. A suitable 
slit 1 6a is provided in this metal plate 1 6 to make a suit- 
able form, a suitable position of the metal plate 16 and 
the grounding plate 12 are electrically connected to 
each other by an earthing terminal 1 8 made of a spring 
connector or the like, another suitable position of the 
metal plate 1 6 and a terminal 1 0a of the circuit board 1 0 
are electrically connected to each other by a feed termi- 
nal 20 made of a spring connector orthe like, and a first 
and a second antenna elements functioning as inverted- 
F antennas respectively resonant at a first frequency 
band and a second frequency band are formed of the 
metal plate 1 6 provided with the slit and having the suit- 
able shape. The first frequency band is one of the GSM, 
AMPS and PDC 800, and the second frequency band 
is one of the DCS, PCS and PDC 1500. 
[0004] Here, in case the dual band antenna is incor- 
porated in a chasis of a portable phone, a width W is 
restricted to about 40 mm. On the other hand, the wave- 
length is shortened according to the dielectric constant 
of the carrier 14, and as the dielectric constant of the 
carrier 14 becomes high, the size of the antenna be- 
comes small, however, the gain becomes small by that. 
Besides, as the dielectric constant becomes low, the 
size of the antenna becomes large and the gain be- 
comes large, however, it cannot be accommodated in a 
desired space. Then, when it is incorporated in the port- 



able phone, it is desirable that the size of the antenna 
is made as large as possible within a range where it can 
be accommodated, and the gain becomes large in some 
degree. For that purpose, it is desirable that the carrier 

5 14 is formed with a desired dielectric constant. However, 
the carrier 1 4 cannot be always formed of a suitable ma- 
terial from the viewpoint of manufacture or cost. Then, 
the carrier 14 is provided with a hollow part 22 and is 
formed to have a substantially C-shaped form with a top 

10 plate part 14a and both side parts 14b and 14b, and a 
desired dielectric constant in total is obtained by a die- 
lectric constant of a material of the carrier 14 and a di- 
electric constant of the air in the hollow part 22. 
[0005] Incidentally, although the metal plate 16 may 

15 be formed by sheet metal processing, it is a matter of 
course that the metal plate may be formed of a thin film 
of a good conductor member suitably provided on the 
upper surface of the carrier 14 by resin plating, hot 
stamp, evaporation, etching orthe like. 

20 [0006] In recent years, with comings and goings of 
many people between the United States and Europe, it 
is desired that one portable phone can be used in both 
the United States and Europe. Then, it is desired to re- 
alize a broad-band antenna which can transmit and re- 

25 ceive a first frequency band intended for the GSM of Eu- 
rope or the AMPS of the United States or having both 
the GSM and the AMPS in the band, a second frequency 
band intended for the DCS of Europe, and a third fre- 
quency band intended for the PCS of the United States. 

30 Besides, with the rapid development of a technique for 
mobile communication, IMT-2000 (1920 to 2170 MHz) 
higher than the conventional frequency band and used 
in common all overthe world is proposed. Then, it is also 
desired to realize a broad-band antenna capable of 

35 transmitting and receiving a fourth frequency band in- 
tended for the IMT-2000. 

[0007] However, if three or four antenna elements ca- 
pable of being respectively resonant at the foregoing 
three or four frequency bands are provided on the sur- 

40 face of the carrier 14, the total size becomes large, and 
they can not be incorporated in the portable phone chas- 
sis. Besides, when they are daringly formed to have 
such sizes that they can be incorporated, the respective 
antenna elements excessively come close to each oth- 

45 er, interference occurs among them, and a desired an- 
tenna characteristic can not be obtained. 
[0008] Accordingly, the present invention has an ob- 
ject to provide a broad-band antenna for mobile com- 
munication which can obtain a desired antenna charac- 

50 teristic in plural frequency bands. 

Disclosure of the Invention 

[0009] A broad-band antenna for mobile communica- 
55 tion of the invention is constructed such that a carrier 
made of a dielectric is disposed on a circuit board pro- 
vided with a grounding plate on substantially a whole 
surface, a metal plate having a suitable shape is provid- 
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ed on an uppersurface of thecarrier, a first and a second 
antenna elements functioning as inverted-F antennas 
respectively resonant at a first frequency band and a 
second frequency band higher than the former are 
formed by providing an earthing terminal for electrically 
connecting the metal plate to the grounding plate and a 
feed terminal for electrically connecting the metal plate 
to the circuit board, a third antenna element having a 
base end electrically connected to the feed terminal and 
resonant at a third frequency band of frequencies higher 
than the second frequency band is provided on a sur- 
face of the carrier, an end of the second antenna ele- 
ment and an end of the third antenna element are dis- 
posed to be spaced from each other by a distance of 0. 1 
wavelength or more of thethird frequency band, and the 
end of the third antenna element is disposed to be 
spaced from the grounding plate by a distance of 0.01 
wavelength or more of the third frequency band. Then, 
transmission and reception of the broad-band of the 
three frequency bands is enabled by the first and the 
second antenna elements functioning as the inverted-F 
antennas, and the third antenna element functioning as 
a monopole antenna or an inverted-F antenna. The third 
antenna element is disposed to be spaced from the sec- 
ond antenna element, so that isolation is improved, and 
antenna characteristics do not interfere with each other. 
Besides, the third antenna element is disposed to be 
spaced from the grounding plate, so that a coupling de- 
gree of inductive coupling and/or capacitive coupling 
can be made small and a width % can be obtained. 
[0010] Besides, it may be constructed such that a car- 
rier made of a dielectric is disposed on a circuit board 
provided with a grounding plate on substantially a whole 
surface, a metal plate having a suitable shape is provid- 
ed on an uppersurface of thecarrier, a first and a second 
antenna elements functioning as inverted-F antennas 
respectively resonant at a first frequency band and a 
second frequency band higher than the former are 
formed by providing an earthing terminal for electrically 
connecting the metal plate to the grounding plate and a 
feed terminal for electrically connecting the metal plate 
to the circuit board, a third antenna element having a 
base end electrically connected to the feed terminal and 
resonant at a third frequency band of frequencies higher 
than the second frequency band is provided on a sur- 
face of a one side part of the carrier, and a matching 
circuit is connected to the feed terminal to perform 
matching for the third frequency band. Then, even if the 
third antenna element is not disposed to be spaced from 
the grounding plate, transmission and reception of the 
broad-band of the three frequency bands is enabled by 
providing the matching circuit. 

[0011] Besides, it may be constructed such that a car- 
rier made of a dielectric is disposed on a circuit board 
provided with a grounding plate on substantially a whole 
surface, a metal plate having a suitable shape is provid- 
ed on an uppersurface of thecarrier, a first and a second 
antenna elements functioning as inverted-F antennas 



respectively resonant at a first frequency band and a 
second frequency band higher than the former are 
formed by providing an earthing terminal for electrically 
connecting the metal plate to the grounding plate and a 

5 feed terminal for electrically connecting the metal plate 
to the circuit board, a third antenna element having a 
base end electrically connected to the feed terminal and 
resonant at a fourth frequency band of frequencies high- 
er than the second frequency band is provided on a sur- 

10 face of the carrier, an end of the second antenna ele- 
ment and an end of the third antenna element are dis- 
posed to be spaced from each other by a distance of 0.1 
wavelength or more of the fourth frequency band, the 
end of the third antenna element is disposed to be 

15 spaced from the grounding plate by a distance of 0.01 
wavelength or more of the fourth frequency band, and 
a matching circuit is connected to the feed terminal to 
perform matching for the third frequency band of fre- 
quencies intermediate between the second frequency 

20 band and the fourth frequency band. Then, transmission 
and reception of the broad-band of the four frequency 
bands is enabled. 

[0012] Besides, it may be constructed such that a car- 
rier made of a dielectric is disposed on a circuit board 

25 provided with a grounding plate on substantially a whole 
surface, a metal plate having a suitable shape is provid- 
ed on an uppersurface of thecarrier, a first and a second 
antenna elements functioning as inverted-F antennas 
respectively resonant at a first frequency band and a 

30 second frequency band higher than the former are 
formed by providing an earthing terminal for electrically 
connecting the metal plate to the grounding plate and a 
feed terminal for electrically connecting the metal plate 
to the circuit board, part of the grounding plate facing a 

35 one side part of the carrier is removed, a third antenna 
element having a base end electrically connected to the 
feed terminal and resonant at a fourth frequency band 
of frequencies higher than the second frequency band 
is provided on a surface of the one side part of the car- 

40 rier, and a matching circuit is connected to the feed ter- 
minal to perform matching for a third frequency band of 
frequencies intermediate between the second frequen- 
cy band and the fourth frequency band. Then, the third 
antenna element is disposed to be spaced from the 

45 grounding plate. Then, transmission and reception of 
the broad-band of the four frequency bands is enabled. 
[0013] Besides, it may be constructed such that a car- 
rier made of a dielectric, provided with a hollow part and 
having a top plate part is disposed on a circuit board 

50 provided with a grounding plate on substantially a whole 
surface, a metal plate having a suitable shape is provid- 
ed on an uppersurface of thecarrier, a first and a second 
antenna elements functioning as inverted-F antennas 
respectively resonant at a first frequency band and a 

55 second frequency band higher than the former are 
formed by providing an earthing terminal for electrically 
connecting the metal plate to the grounding plate and a 
feed terminal for electrically connecting the metal plate 
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to the circuit board, a third antenna element having a 
base end electrically connected to the feed terminal and 
resonant at a third frequency band of frequencies higher 
than the second frequency band is provided on a lower 
surface of the top plate part of the carrier, an end of the 
second antenna elementand an end ofthethird antenna 
element are disposed to be spaced from each other by 
a distance of 0.1 wavelength or more of the third fre- 
quency band, and the end of the third antenna element 
is disposed to be spaced from the grounding plate by a 
distance of 0.01 wavelength or more of thethirdfrequen- 
cy band. Then, when the thickness of the top plate part 
is suitably set, the third antenna element can be dis- 
posed to be spaced from the second antenna element 
by the suitable distance, and transmission and reception 
is enabled in the three frequency bands. Besides, the 
first and the second antenna elements can also be ex- 
tensively disposed on the whole of the upper surface of 
the carrier. 

[0014] Besides, it may be constructed such that a car- 
rier made of a dielectric, provided with a hollow part and 
having a top plate part is disposed on a circuit board 
provided with a grounding plate on substantially a whole 
surface, a metal plate having a suitable shape is provid- 
ed on an upper surface of the carrier, a first and a second 
antenna elements functioning as inverted-F antennas 
respectively resonant at a first frequency band and a 
second frequency band higher than the former are 
formed by providing an earthing terminal for electrically 
connecting the metal plate to the grounding plate and a 
feed terminal for electrically connecting the metal plate 
to the circuit board, a third antenna element having a 
base end electrically connected to the feed terminal and 
resonant at a fourth frequency band of frequencies high- 
er than the second frequency band is provided on a low- 
er surface of the top plate part of the carrier, an end of 
the second antenna element and an end of the third an- 
tenna element are disposed to be spaced from each oth- 
er by a distance of 0.1 wavelength or more of the fourth 
frequency band, the end of the third antenna element is 
disposed to be spaced from the grounding plate by a 
distance of 0.01 wavelength or more of the fourth fre- 
quency band, and a matching circuit is connected to the 
feed terminal to perform matching forthethirdfrequency 
band of frequencies intermediate between the second 
frequency band and the fourth frequency band. Then, 
when the thickness of the top plate part is suitably set, 
the third antenna element can be disposed to be spaced 
from the second antenna element by the suitable dis- 
tance, and by providing the matching circuit for the third 
frequency, transmission and reception is enabled in the 
four frequency bands. Besides, the first and the second 
antenna elements can also be extensively disposed on 
the whole of the upper surface of the carrier. 
[0015] Further, it can also be constructed such that 
part of the grounding plate facing a portion of the carrier 
where the third antenna element is disposed is removed 
to enlarge the distance between the end of the third an- 



tenna element and the grounding plate. Then, the dis- 
tance between the third antenna element and the 
grounding plate becomes large, so that the coupling de- 
gree of the inductive coupling and/or capacitive coupling 
5 becomes low by that. Then, the third antenna element 
can be disposed at a low position, the height of the car- 
rier can be made low by that, and it is convenient for 
miniaturization. 

[0016] Furthermore, it can also be constructed such 

10 that the third antenna element is made to have a thin 
band shape, and is disposed on a side surface of the 
carrier so that its width direction is vertical to the ground- 
ing plate. Then, as compared with a monopole antenna 
formed of a linear member, its resonant band width can 

15 be made broad. Further, the width direction of the third 
antenna element is made vertical to the grounding plate, 
so that the capacity between the third antenna element 
and the grounding plate can be made minimum. 
[0017] Further, it can also be constructed such that 

20 the third antenna element is disposed at a height inter- 
mediate between the upper surface of the carrier and 
the circuit board. Then, the third antenna element can 
be disposed to be spaced from any of the first and the 
second antenna elements and the grounding plate, and 

25 the third antenna element receives little interference. 
[0018] Besides, it may be constructed such that a car- 
rier made of a dielectric is disposed on a circuit board 
provided with a grounding plate on substantially a whole 
surface, a metal plate having a suitable shape is provid- 

30 edon an upper surface of the carrier, a first and a second 
antenna elements functioning as inverted-F antennas 
respectively resonant at a first frequency band and a 
second frequency band higher than the former are 
formed by providing an earthing terminal for electrically 

35 connecting the metal plate to the grounding plate and a 
feed terminal for electrically connecting the metal plate 
to the circuit board, a third antenna element having a 
base end electrically connected to the feed terminal and 
resonant at a third frequency band of frequencies higher 

40 than the second frequency band is provided to protrude 
from the carrier, an end of the second antenna element 
and an end of the third antenna element are disposed 
to be spaced from each other by a distance of 0.1 wave- 
length or more of the third frequency band, and the end 

45 of the third antenna element is disposed to be spaced 
from the grounding plate by a distance of 0.01 wave- 
length or more of the third frequency band. Then, since 
the third antenna element is provided to protrude from 
the carrier, the distance between the third antenna ele- 

50 ment and the second antenna element, and the ground- 
ing plate can be set to be large, and transmission and 
reception in the three frequency bands is enabled. Be- 
sides, since the third antenna element is not provided 
on the surface of the carrier, but is provided to protrude 

55 therefrom, an antenna element of any structure can be 
adopted, and the degree of freedom in design is high. 
[0019] Besides, it may be constructed such that a car- 
rier made of a dielectric is disposed on a circuit board 
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provided with a grounding plate on substantially a whole 
surface, a metal plate having a suitable shape is provid- 
ed on an uppersurface of thecarrier, a first and a second 
antenna elements functioning as inverted-F antennas 
respectively resonant at a first frequency band and a 5 
second frequency band higher than the former are 
formed by providing an earthing terminal for electrically 
connecting the metal plate to the grounding plate and a 
feed terminal for electrically connecting the metal plate 
to the circuit board, a third antenna element having a 10 
base end electrically connected to the feed terminal and 
resonant at a fourth frequency band of frequencies high- 
er than the second frequency band is provided to pro- 
trude from the carrier, an end of the second antenna el- 
ement and an end of the third antenna element are dis- 15 
posed to be spaced from each other by a distance of 0. 1 
wavelength or more of the fourth frequency band, the 
end of the third antenna element is disposed to be 
spaced from the grounding plate by a distance of 0.01 
wavelength or more of the fourth frequency band, and 20 
a matching circuit is connected to the feed terminal to 
perform matching for the third frequency band of fre- 
quencies intermediate between the second frequency 
band and the fourth frequency band. Then, since the 
third antenna element is provided to protrude from the 25 
carrier, the distance between the third antenna element 
and the second antenna element, and the grounding 
plate can be set to be large, and by providing the match- 
ing circuitforthethird frequency band, transmission and 
reception in the four frequency bands is enabled. Be- 30 
sides, since the third antenna element is not provided 
on the surface of the carrier but is provided to protrude 
therefrom, an antenna element of any structure can be 
adopted and the degree of freedom in design is high. 
[0020] Further, it can also be constructed such that 35 
the first frequency band is set to have GSM or AMPS as 
an object or to have the GSM and the AMPS in a band, 
the second frequency band is set to have DCS as an 
object, and the third frequency band is set to have PCS 
as an object. Then, the three frequency bands used for 40 
the mobile communication can be transmitted and re- 
ceived. 

[0021] Besides, it can also be constructed such that 
the first frequency band is set to have GSM or AMPS as 
an object or to have the GSM and the AMPS in a band, 45 
the second frequency band is set to have DCS as an 
object, the third frequency band is set to have PCS as 
an object, and the fourth frequency band is set to have 
IMT-2000 as an object. Then, the four frequency bands 
used for the mobile communication can be transmitted 50 
and received. 

Brief Description of the Drawings 

[0022] 55 

Fig. 1 is an outer appearance perspective view of a 
structure of a first embodiment of a broad-band an- 



tenna for mobile communication of the invention. 
Fig. 2 is a view showing that an antiresonant point 
occurs when resonant frequencies of a second el- 
ement and a third antenna element are close to 
each other. 

Fig. 3 is a view showing distances between respec- 
tive antenna elements of the broad-band antenna 
for the mobile communication of the invention and 
a grounding plate. 

Fig. 4 is a view showing a relation of a distance be- 
tween antennas of the second and the third antenna 
elements with respectto isolation in the first embod- 
iment. 

Fig. 5 is a view showing a relation of a distance be- 
tween the third antenna element and the grounding 
plate with respect to a band width % while the sec- 
ond and the third antenna elements are made to 
have predetermined isolation in the first embodi- 
ment. 

Fig. 6 is a view showing a VSWR characteristic of 
the first embodiment. 

Fig. 7 is a circuit diagram of a second embodiment 
of the invention in which a matching circuit is pro- 
vided to an antenna element having the same struc- 
ture as the first embodiment of the broad-band an- 
tenna for the mobile communication. 
Fig. 8 is a VSWR characteristic view of the second 
embodiment. 

Fig. 9 is a VSWR characteristic view of a state in 
which the matching circuit is omitted from the sec- 
ond embodiment. 

Fig. 1 0 is a Smith chart of the second embodiment. 
Fig. 11 is a Smith chart of a state where the match- 
ing circuit is omitted from the second embodiment. 
Fig. 12 is a table showing gains at respective fre- 
quencies of the second embodiment. 
Fig. 1 3 is a circuit diagram of a third embodiment of 
the invention in which a third antenna element of an 
antenna element having the same structure as the 
first embodiment of the broad-band antenna forthe 
mobile communication is set to a fourth resonant 
frequency and a matching circuit is provided simi- 
larly to the second embodiment. 
Fig. 14 is a view showing a relation of a distance 
between antennas of second and third antenna el- 
ements with respectto isolation in the third embod- 
iment. 

Fig. 15 is a view showing a relation of a distance 
between thethird antenna element and a grounding 
plate with respect to a band width % while the sec- 
ond and the third antenna elements are made to 
have predetermined isolation in the third embodi- 
ment. 

Fig. 1 6 is a view showing a VSWR characteristic of 
the third embodiment. 

Fig. 1 7 is a view showing a VSWR characteristic of 
the third embodiment in which the matching circuit 
is omitted. 
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Fig. 1 8 is an outer appearance perspective view of 
a structure of a fourth embodiment of a broad-band 
antenna for mobile communication of the invention. 
Fig. 1 9 is a VSWR characteristic view of a fifth em- 
bodiment. 

Fig. 20 is a VSWR characteristic view of a state in 
which a matching circuit is omitted from the fifth em- 
bodiment. 

Fig. 21 is a Smith chart of the fifth embodiment. 
Fig. 22 is a Smith chart of a state where the match- 
ing circuit is omitted from the fifth embodiment. 
Fig. 23 is a table showing gains at respective fre- 
quencies of the fifth embodiment. 
Fig. 24 is an outer appearance view of a structure 
of a sixth embodiment of a broad-band antenna for 
mobile communication, in which (a) thereof is a plan 
view and (b) thereof is a side view. 
Fig. 25 is a view showing distances between re- 
spective antenna elements and a grounding plate 
in Fig. 24. 

Fig. 26 is an outer appearance view of a structure 
of a seventh embodiment of a broad-band antenna 
for mobile communication, in which (a) thereof is a 
plan view and (b) thereof is a side view. 
Fig. 27 is an outer appearance perspective view of 
a structure of an eighth embodiment of a broad- 
band antenna for mobile communication of the in- 
vention. 

Fig. 28 is an outer appearance perspective view of 
a third antenna element of Fig. 27, in which (a) 
thereof shows a structure where a thin band-like 
good conductor is disposed such that its width di- 
rection is parallel to a lower surface of a top plate 
part, and (b) thereof shows a structure where a thin 
band-like good conductor is disposed such that its 
width direction is vertical to the lower surface of the 
top plate part. 

Fig. 29 is an outer appearance perspective view of 
a structure of a conventional dual band antenna for 
mobile communication. 

Best Mode for Carrying Out the Invention 

[0023] Hereinafter, a first embodiment of the present 
invention will be described with reference to Figs. 1 to 
6. Fig. 1 is an outer appearance perspective view of a 
structure of the first embodiment of a broad-band anten- 
na for mobile communication of the invention. Fig. 2 is 
a view showing that an antiresonant point occurs when 
resonant frequencies of a second and a third antenna 
elements are close to each other. Fig. 3 is a view show- 
ing distances between respective antenna elements of 
the broad-band antenna for the mobile communication 
of the invention and a grounding plate. Fig. 4 is a view 
showing a relation of a distance between antennas of 
the second and the third antenna elements with respect 
to isolation in thefirst embodiment. Fig. 5 is aviewshow- 
ing a relation of 'a distance between the third antenna 



element and the grounding plate with respect to a band 
width % while the second and the third antenna ele- 
ments are made to have predetermined isolation in the 
first embodiment. Fig. 6 is a viewshowing a VSWR char- 
5 acteristic of the first embodiment. In Fig. 1 , the same or 
equivalent members as those shown in Fig. 29 are de- 
noted by the same symbols and their duplicate expla- 
nation will be omitted. 

[0024] In Fig. 1 , a metal plate 1 6 (20 x 35 mm as an 

10 example) provided on an upper surface of a carrier 14 
except for a one side part is provided with a suitable slit 
1 6a to have a suitable shape, a suitable position of the 
metal plate 16 and a grounding plate 12 are electrically 
connected to each other through an earthing terminal 

15 18. another suitable position of the metal plate 16 and 
a terminal 1 0a of a circuit board 1 0 is electrically con- 
nected to each other through a feed terminal 20, and a 
first and a second antenna element functioning as in- 
verted-F antennas resonant at a first frequency band 

20 and a second frequency band are formed, which is sim- 
ilar to the conventional example shown in Fig. 29. The 
first frequency band of the antenna element is set to 
have the GSM of Europe as an object. The second fre- 
quency band of the second antenna element is set to 

25 have the DCS of Europe as an object. 

[0025] Here, the metal plate 1 6 is not provided at the 
one side part of the carrier 14 similarly to the conven- 
tional example shown in Fig. 29. A third antenna ele- 
ment 24 having a base electrically connected to thefeed 

30 terminal 20 and functioning as a thin band-like monop- 
ole antenna made of a good conductor is disposed on 
a surface of a side 1 4b of the carrier 1 4 at a side of the 
one side part to have an electrical length capable of be- 
ing resonant (resonant at, for example, 1990 MHz) at 

35 the PCS of the United States as a third frequency band. 
Further, this third antenna element 24 is disposed at a 
intermediate height between the circuit board 10 andthe 
upper surface of the carrier 1 4 and on the surface of the 
side 1 4b of the carrier 1 4. 

40 [0026] Thefirst embodiment of the broad-band anten- 
naforthe mobile communication of the invention having 
such structure functions as described below. First, the 
second frequency band at which the second antenna 
element is resonant and the third frequency band at 

45 which the third antenna element 24 is resonant are fre- 
quencies so closethat part of the frequency bands over- 
lap with each other. When the isolation of the second 
antenna element and the third antenna element 24 is 
poor, as shown in Fig. 2, an antiresonant point occurs 

50 between the center frequencies of the second and the 
third frequency bands, and there is a tendency that the 
VSWR characteristic deteriorates very much. Besides, 
in the third antenna element 24, a desired antenna char- 
acteristic is hard to obtain because of inductive coupling 

55 and/or capacitive coupling with respect to the grounding 
plate 12. 

[0027] The present inventors considered these cir- 
cumstances, and experimentally obtained a distance at 
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which the second antenna element and the third anten- 
na element 24 had the isolation of a suitable magnitude 
so that the antiresonant point of a magnitude such as to 
actually cause disadvantage did not occur, that is. a dis- 
tance d1 of Fig. 3. Further, in orderthatthe third antenna 
element 24 had a desired antenna characteristic, the 
third antenna element 24 was spaced from the ground- 
ing plate 1 2 so that the inductive coupling and/or capac- 
itive coupling became small, and a distance at which a 
desired band width % was obtained by the second an- 
tenna element and the third antenna element 24, that 
is, a distance d2 of Fig. 3 was experimentally obtained. 
[0028] As shown in Fig. 4, the distance d1 between 
the end of the second antenna element and the end of 
the third antenna element is changed, and the isolation 
is measured while the effective dielectric constant of the 
carrier 14 is changed, and as a result, in orderto obtain 
the isolation of about -1 5 dB, it is sufficient if the effective 
dielectric constant is 1 and the distance d1 between the 
antennas is made 0.1 X (X is a wavelength of the center 
frequency of the third frequency band at which the third 
antenna element 24 is resonant). As the dielectric con- 
stant becomes large, the distance d1 between the an- 
tennas must be made large in order to obtain the isola- 
tion of about -15 dB. Here, the influence degree of the 
isolation of about -15 dB is mutually 1/32, and it is pre- 
sumed that there is little influence. Then, the effective 
dielectric constant of the carrier 14 was made 1 , and 
while the isolation between the second antenna element 
and the third antenna element 24 was made about -15 
dB, the distance d2 between the third antenna element 
and the grounding plate 12 was changed to measure 
the band width %, and as a result, as shown in Fig. 5, 
at the distance d2 of about 0.01 X. as the band width % 
in which VSWR was 3 or less, a desired value of about 
15% was obtained. Here, the band width % is indicated 
by a percent of a frequency width where the VSWR is 3 
or less to its center frequency. Since the frequency band 
transmitted and received by the second antenna ele- 
ment and the third antenna element 24 is the DCS (1 71 0 
to 1880 MHz) and the PCS (1850 to 1990 MHz), in the 
frequency band of 1 71 0 to 1 990 MHz, when the center 
frequency is made 1 850 MHz, and there is a band width 
% of about 15%, both the DCS and the PCS can be 
transmitted and received. In this way, in the VSWR char- 
acteristic of the first embodiment of the broad-band an- 
tenna for the mobile communication of the invention in 
which the distance d1 and the distance d2 of Fig. 3 are 
suitably set, as shown in Fig. 6, the VSWR is 3 or less 
in both the GSM (880 to 960 MHz) and the DCS and 
PCS (1710 to 1990 MHz) , and it functions as the broad- 
band antenna capable of transmitting and receiving the 
GSM, DCS and PCS. 

[0029] Incidentally, by providing the third antenna el- 
ement 24 on the surface of the side 14b of the carrier 
14 at the side of the one side part, it can be more spaced 
from the first and the second antenna elements than a 
case where it is provided on the upper surface of the 



carrier 14. Further, when the third antenna element 24 
is formed by using a thin band-like good conductor and 
is disposed such that its width direction becomes verti- 
cal to the grounding plate 1 2, as compared with a case 

5 where a thin linear member is used, the resonant band 
width of the third antenna element 24 itself becomes 
broad, the coupling degree of the inductive coupling 
and/or capacitive coupling with respect to the grounding 
plate 12 becomes small, and an antenna characteristic 

10 as a monopole antenna can be obtained more. Inciden- 
tally, the metal plate 1 6 is provided on the upper surface 
of the carrier 1 4 except for the one side part, so that the 
distance d1 between the third antenna element 24 pro- 
vided on the surface of the side 1 4b of the carrier 1 4 at 

15 the side of the one side part and the first and the second 
antenna elements formed of this metal plate 1 6 is made 
large. Then, in case the distance d1 between the third 
antenna element 24 and the first and the second anten- 
na elements can be set to be large because, for exam- 

20 pie, the height of the carrier 14 is sufficient, the metal 
plate 1 6 may be provided on the whole upper surface of 
the carrier 1 4. 

[0030] Next, a second embodiment of the invention 
will be described with reference to Figs. 7 to 12. Fig. 7 

25 is a circuit diagram of the second embodiment of the 
invention in which a matching circuit is provided to an 
antenna element having the same structure as the first 
embodiment of the broad-band antenna for the mobile 
communication. Fig. 8 is a VSWR characteristic view of 

30 the second embodiment. Fig. 9 is a VSWR characteristic 
view of a state in which the matching circuit is omitted 
from the second embodiment. Fig. 10 is a Smith chart 
of the second embodiment. Fig. 1 1 is a Smith chart of a 
state where the matching circuit is omitted from the sec- 

35 ond embodiment. Fig. 1 2 is a table showing gains at re- 
spective frequencies of the second embodiment. 
[0031] In the second embodiment, as shown in Fig. 7, 
in addition to an antenna element having the same 
structure as the broad-band antennaforthemobilecom- 

40 munication of the first embodiment, a feed terminal 20 
is electrically connected to an RF stage of a transmitter- 
receiver circuit of a circuit board 1 0 through a matching 
circuit 26 suitably mounted on the circuit board 1 0. This 
matching circuit 26 is constructed such that as an ex- 

45 ample, a capacitance element of 1 .0 pF and an induct- 
ance element of 3.9 nH are circuit-connected into an L 
shape. Incidentally, in the second embodiment, a dis- 
tance d2 between a third antenna element 24 and a 
grounding plate 12 is not sufficiently provided and is 

50 short, and the antenna element itself has such a struc- 
ture that the inductive coupling and/or capacitive cou- 
pling is larger than that of the first embodiment. 
[0032] In the structure as stated above, as shown in 
Fig. 8, with respect to the VSWR characteristic, an ex- 

55 cellent VSWR close to "2" is obtained in any of the GSM 
of 880 to 960 MHz, and the DCS and the PCS of 1 71 0 
to 1 990 MHz. However, with respect to the VSWR char- 
acteristic of the antenna element itself in which the 
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matching circuit 26 is not provided, as shown in Fig. 9, 
although it is close to "2" or less in the GSM of 880 to 
960 MHz, it is "3" or higher in the PCS or the like and 
deteriorates. It is presumed that this is because the third 
antenna element 24 is originally set to the electric length 
resonant at 1 990 MHz of the PCS, however, the induc- 
tive coupling and/or capacitive coupling with respect to 
the grounding plate 12 is large, or a desired antenna 
characteristic is not obtained by the interference be- 
tween the antenna elements. In the second embodi- 
ment, as shown in the Smith chart of Fig. 1 0, the antenna 
impedance is close to 50 Q. in the range of 880 to 960 
MHz and 1 71 0 to 1 990 MHz, and indicates a value ex- 
cellent in connection to a cable of 50 Q. However, as 
shown in the Smith chart of Fig. 1 1 , in the antenna ele- 
ment itself in which the matching circuit 26 is not provid- 
ed, although the antenna impedance is close to 50 Q. at 
880 to 960 MHz and 1 71 0 MHz, the antenna impedance 
is rather remote from 50 D at the frequency close to 
1990 MHz. From this, as the frequency becomes high, 
the effect of the matching circuit 26 becomes remarka- 
ble, and it is conceivable that the matching circuit func- 
tions to bring the antenna impedance operating as a 
high impedance with respect to a frequency of approx- 
imately 1 990 MHz close to 50 Q.. As a result, as shown 
in Fig. 12, with respect to the gain of the second embod- 
iment, a maximum gain (MAX. Gain) is -0.54 to 0.72 
dBd, and an average gain (AVG. Gain) is -5.54 to -3.53 
dBd. Then, an all average gain (All AVG. Gain) is -4.55 
dBd, and an all maximum average gain (All MAX. AVG. 
Gain) is -0.01 dBd. Accordingly, the antenna gain suffi- 
cient for use in the three frequency bands of the GSM 
of 880 to 960 MHz, and the DCS and PCS of 1710 to 
1990 MHz is obtained. 

[0033] A third embodiment of a broad-band antenna 
for mobile communication of the invention will be de- 
scribed with reference to Figs. 1 3 to 17. Fig. 1 3 is a cir- 
cuit diagram of the third embodiment of the invention in 
which a third antenna element of an antenna element 
having the same structure as the first embodiment of the 
broad-band antenna for the mobile communication is 
setto afourth resonant frequency and a matching circuit 
is provided similarly to the second embodiment. Fig. 14 
is a view showing a relation of a distance between an- 
tennas of a second and a third antenna elements with 
respect to isolation in the third embodiment. Fig. 1 5 is a 
view showing a relation of a distance between the third 
antenna element and a grounding plate with respect to 
a band width % while the second and the third antenna 
elements are made to have predetermined isolation in 
thethird embodiment. Fig. 16 is a view showing a VSWR 
characteristic of the third embodiment. Fig . 1 7 is a view 
showing a VSWR characteristic of the third embodiment 
in which the matching circuit is omitted. 
[0034] The third embodiment is intended to obtain a 
broad-band antenna characteristic sufficient for practi- 
cal use in four frequency bands of the GSM of 880 to 
960 MHz, and the DCS, PCS and IMT-2000 of 1 71 0 to 



2170 MHz. Then, a third antenna element 24 of an an- 
tenna element having the same structure as the first em- 
bodiment is disposed to have an electric length so that 
it can resonate at the IMT-2000 (as an example, reso- 

5 nate at 21 70 MHz) as the fourth frequency band. Then, 
as shown in Fig. 13, a feed terminal 20 is electrically 
connected to an RF stage of a transmitter-receiver cir- 
cuit of a circuit board 10 through a matching circuit 28 
suitably mounted on the circuit board 1 0. This matching 

10 circuit 28 is constructed such that as an example, a ca- 
pacitance element of 0.5 pF and an inductance element 
of 3.9 nH are circuit-connected into an L shape. Inciden- 
tally, a constant of the matching circuit 28 is suitably set 
from simulation and experiments. 

15 [0035] In the structure as stated above, the resonant 
frequency of the second antenna element and the res- 
onant frequency of the third antenna element 24 are 
more separate from each other than those of the first 
embodiment, and the antiresonant point is hard to pro- 

20 duce by that, however, since the resonant frequency of 
the third antenna element 24 is high, the inductive cou- 
pling and/or capacitive coupling is apt to occur, and the 
isolation between the second antenna element and the 
third antenna element 24 is apt to become poor. Then, 

25 according to experiments, as shown in Fig. 14, when the 
distance d1 between the end of the second antenna el- 
ement and the end of the third antenna element 24 was 
made 0.1 X {X is a wavelength of a center frequency of 
the fourth frequency band at which the third antenna el- 

30 ement 24 is resonant), the isolation of about -1 5 dB was 
obtained. When the band width % was measured while 
the isolation of about -15 dB was kept and the distance 
d2 between the third antenna element 24 and the 
grounding plate 12 was changed, as shown in Fig. 15, 

35 at the distance of 0.01 X, as a band width % in which a 
VSWR was 3 or less, a desired value of about 24% was 
obtained. Here, since the frequency bands transmitted 
and received by the second antenna element and the 
third antenna element 24 are the DCS (1710 to 1880 

40 MHz), the PCS (1850 to 1990 MHz), and the IMT-2000 
(1920 to 2170 MHz), when the frequency width is 1710 
to 21 70 MHz, the center frequency thereof is made 1 940 
MHz, and the band width % is about 24%, the DCS, the 
PCS and the IMT-2000 can be transmitted and received. 

45 The VSWR characteristic of the third embodiment of the 
broad-band antenna for the mobile communication of 
the invention in which the distance d1 between the end 
of the second antenna element and the end of the third 
antenna element 24 and the distance d2 between the 

50 third antenna element 24 and the grounding plate 1 2 are 
suitably set in this way is as shown in Fig. 1 6. Inciden- 
tally, when the matching circuit 28 is omitted, as shown 
in Fig. 17, the VSWR becomes poor with respect to the 
third frequency band between the second frequency 

55 band and the fourth frequency band. Thus, the matching 
circuit 28 is provided to perform matching for the third 
frequency band. 

[0036] Further, a fourth embodiment of a broad-band 
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antenna for mobile communication of the invention will 
be described with reference to Fig. 1 8. Fig. 1 8 is an outer 
appearance perspective view of a structure of the fourth 
embodiment of the broad-band antenna for the mobile 
communication of the invention. In Fig. 1 8, the same or 
equivalent members as those of Fig. 1 are denoted by 
the same symbols and their duplicate explanation will 
be omitted. 

[0037] According to the fourth embodiment, as com- 
pared with the first embodiment, a removed part 12a 
where a grounding plate 12 is removed is provided at a 
side of a one side part where a metal plate 1 6 of a carrier 
14 is not provided and to face a portion where a third 
antenna element 24 is not disposed. In the structure as 
stated above, a distance d2 between the third antenna 
element 24 and the grounding plate 12 is made large, 
and the coupling degree of inductive coupling and/orca- 
pacitive coupling becomes small by that. Then, the 
height of the carrier 1 4 may be low in order to obtain a 
band width % identical to the first embodiment, and it is 
convenient for miniaturization. 

[0038] Further, a fifth embodiment of the invention will 
be described with reference to Figs. 1 9 to 23. Fig. 1 9 is 
a VSWR characteristic view of the fifth embodiment. Fig. 
20 is a VSWR characteristic view of a state in which a 
matching circuit is omitted from the fifth embodiment. 
Fig. 21 is a Smith chart of the fifth embodiment. Fig. 22 
is a Smith chart of a state where the matching circuit is 
omitted from the fifth embodiment. Fig. 23 is a table 
showing gains at respective frequencies of the fifth em- 
bodiment. 

[0039] In the fifth embodiment, in addition to an an- 
tenna element having the same structure as the broad- 
band antenna for the mobile communication of the 
fourth embodiment, a feed terminal 20 is electrically 
connected to an RF stage of a transmitter-receiver cir- 
cuit of a circuit board 10 through a matching circuit 28 
suitably mounted on a circuit board 1 0 and similar to the 
third embodiment. This matching circuit 28 is construct- 
ed such that as an example, a capacitance element of 
0.5 pF and an inductance element of 3.9 nH are circuit- 
connected into an L shape. Incidentally, in the fifth em- 
bodiment, with respect to the antenna element itself, a 
distance d2 between a third antenna element 24 and a 
grounding plate 1 2 can not be sufficiently provided and 
is short, and it has the structure in which the inductive 
coupling and/or capacitive coupling is larger than the 
fourth embodiment. 

[0040] In the structure as stated above, with respect 
to the VSWR characteristic of the fifth embodiment, as 
shown in Fig. 1 9, in any of the GSM of 880 to 960 MHz, 
and the DCS, PCS and IMT-2000 of 1710 to 21 70 MHz, 
an excellent VSWR of "2" or less is obtained. However, 
as shown in Fig. 20, with respect to the VSWR charac- 
teristic of the antenna element itself in which the match- 
ing circuit 28 is not provided, although it is "2" or less in 
the GSM of 880 to 960 M Hz, it deteriorates to "3" or more 
in the PCS or the like. This would be a matter of course 



since the third antenna element 24 is originally set to the 
electric length resonant at 2170 MHz of the IMT-2000. 
Then, in the fifth embodiment, as shown in the Smith 
chart of Fig. 21 , the antenna impedance is close to 50 

5 Cl\n the range of 880 to 960 MHz and 1 71 0 to 21 70 MHz, 
and indicates a value excellent in connection to a cable 
of 50 £2. However, in the antenna element itself in which 
the matching circuit 28 is not provided, as shown in the 
Smith chart of Fig. 22, although the antenna impedance 

10 is close to 50 O at 880 to 960 MHz and 1 71 0 MHz, it is 
indicated that the antenna impedance is rather remote 
from 50 Q. and becomes large at a frequency of 1710 
MHz or higher. From this, as the frequency becomes 
high, the effect of the matching circuit 28 becomes re- 

15 markable, and it is conceivable that the matching circuit 
functions to bring the antenna impedance operating as 
a high impedance to the frequency of 1 71 0 MHz or high- 
er close to approximately 50 Q.. Then, with respect to 
gains of the fifth embodiment of the broad-band antenna 

20 forthe mobile communication of the invention, as shown 
in Fig. 23, a maximum gain (MAX. Gain) is -0.74 to 1 .39 
dBd, and an average gain (AVG. Gain) is -3.71 to -5.38 
dBd. An all average gain (ALL AVG. Gain) is -4.76 dBd, 
and an all maximum average gain (ALL MAX. AVG. 

25 Gain) is -0.33 dBd. Accordingly, the antenna gains suf- 
ficient for practical use in the four frequencies of the 
GSM of 880 to 960 MHz, and the DCS, PCS and IMT- 
2000 of 1 71 0 to 21 70 MHz are obtained. 
[0041] Besides, a sixth embodiment of a broad-band 

30 antenna for mobile communication of the invention will 
be described with reference to Figs. 24 and 25. Fig. 24 
is an outer appearance view of a structure of the sixth 
embodiment of the broad-band antenna for the mobile 
communication, in which (a) thereof is a plan view and 

35 (b) thereof is a side view. Fig. 25 is a view showing dis- 
tances between respective antenna elements and a 
grounding plate in Fig. 24. In Figs. 24 and 25, the same 
or equivalent members as those of Figs. 1 and 3 are 
denoted by the same symbols and their duplicate expla- 

40 nation will be omitted. 

[0042] In the sixth embodiment, a third antenna ele- 
ment 34 is not provided on the surface of a carrier 14, 
is formed of a helical coil antenna element, has a base 
end electrically connected to a feed terminal 20, and is 

45 provided to protrude from the carrier 14. 

[0043] In the sixth embodiment of the structure as 
stated above, the third antenna element 34 is provided 
to protrude from the carrier 14, so that a distance d1 
from the end of a second antenna element can be made 

50 large, and when the third antenna element 34 is made 
to protrude toward the side where a circuit board 10 
does not exist as shown in Fig. 24, a distance d2 from 
a grounding plate 12 can also be made large. Then, as 
compared with the first embodiment, it can be used in a 

55 broader band. 

[0044] Further, a seventh embodiment of a broad- 
band antennafor mobile communication of the invention 
will be described with reference to Fig. 26. Fig. 26 is an 
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outer appearance view of a structure of the seventh em- 
bodiment of the broad-band antennaforthe mobile com- 
munication, in which (a) thereof is a plan view and (b) 
thereof is a side view. In Fig. 26, the same or equivalent 
members as those of Fig. 24 are denoted by the same 5 
symbols and their duplicate explanation will be omitted. 
[0045] In the seventh embodiment, a point different 
from the sixth embodiment is that a third antenna ele- 
ment 44 is formed of a whip antenna element, has its 
base end electrically connected to a feed terminal 20, 10 
and is provided to protrude from a carrier 14. 
[0046] Like the sixth embodiment and the seventh 
embodiment, when the third antenna element 34, 44 is 
not provided on the surface of the carrier 14, but is pro- 
vided to protrude from the carrier 1 4, the structure of the 15 
antenna element is not limited at all. and the structure 
is not limited to what is described in the sixth embodi- 
ment or the seventh embodiment, and one having any 
structure, such as a zigzag antenna element or a me- 
andering antenna element, can be adopted. 20 
[0047] Further, an eighth embodiment of a broad- 
band antennaformobilecommunication of the invention 
will be described with reference to Figs. 27 and 28. Fig. 

27 is an outer appearance perspective view of a struc- 
ture of the eighth embodiment of the broad-band anten- 25 
na for the mobile communication of the invention. Fig. 

28 is an outer appearance perspective view of a third 
antenna element of Fig. 27, in which (a) thereof shows 
a structure where athin band-like good conductor is dis- 
posed such that its width direction is parallel to a lower 30 
surface of a top plate part, and (b) thereof shows a struc- 
ture where a thin band-like good conductor is disposed 
such that its width direction is vertical to the lower sur- 
face of the top plate part. In Fig. 27. the same or equiv- 
alent members as those of Fig. 1 are denoted by the 35 
same symbols and duplicate explanation will be omitted. 
[0048] In Figs. 27 and 28, the structure of the eighth 
embodiment is differentf rom the first embodiment in that 

a third antenna element 46 is suitably disposed on the 
lower surface of a top plate part 1 4a of a carrier 1 4. The 40 
third antenna element 46 has a base end connected to 
a feed terminal 20 and is formed of a thin band-like good 
conductor. Then, as shown in Fig. 28(a), the third an- 
tenna element 46 is disposed such that its width direc- 
tion is parallel to the lower surface of the top plate part 45 
1 4a. Besides, as shown in Fig. 28(b), it may be disposed 
such that its width direction is vertical to the lower sur- 
face of the top plate part 1 4a. The third antenna element 
46 of Fig. 28(b) may be suitably provided with overlap 
width parts 46a, 46a ••• for adhesion. 50 
[0049] In this eighth embodiment, since the third an- 
tenna element 46 is provided at the lower su rface of the 
top plate part 14a, the metal plate 16 can be disposed 
on the whole upper surface of the carrier 14. Then, the 
thickness of the top plate part 1 4a is suitably set, so that 55 
the third antenna element 46 can be disposed to be 
spaced from the second antenna element by a suitable 
distance. Besides, the third antenna element 46 is not 



limited to the thin band shape, but may have a terminal 
shape. 

[0050] Incidentally, in the above embodiments, al- 
though the description has been made on the assump- 
tion that the broad-band antennaforthe mobile commu- 
nication of the invention is incorporated in the chassis 
of the portable phone, when it is used for a mobile com- 
munication equipment other than the portable phone, 
which does not have a strict dimensional restriction, the 
third antenna element 24 may be provided on the upper 
surface of the carrier 14 to be sufficiently spaced from 
the metal plate 1 6. Besides, it is a matter of course that 
the circuit structure of the matching circuits 26 and 28 
is not limited to the above embodiments, and may be 
suitably constructed as the need arises. The first anten- 
na element formed by providing the slit 1 6a in the metal 
plate 16 is not limited to what is formed to be resonant 
at the GSM, but may be formed to be resonant at the 
AMPS, and may be formed to enlarge its width and to 
slightly enlarge the resonant bandwidth so that it covers 
both the GSM and the AMPS in the band and is resonant 
at them. Further, without being limited to the above em- 
bodiments, setting may be made such that the first fre- 
quency band is intended for one of the GSM, AMPS and 
PDC800, the second frequency band is intended for one 
of the DCS, PDC1500 and GPS, the third frequency 
band is intended for one of the PCS and PHS, and the 
fourth frequency band is intended for one of the IMT- 
2000 and Bluetooth. Besides, although the broad-band 
antenna for the mobile communication of the invention 
can transmit and receive three or four frequency bands, 
it is a matter of course that the broad-band antenna may 
be used as a built-in antenna of a portable phone for 
transmitting and receiving only one or two frequency 
bands. 

Industrial Applicability 

[0051] As described above, the broad-band antenna 
forthe mobile communication of the invention can trans- 
mit and receivethe broad band of threefrequency bands 
by the first and the second antenna elements function- 
ing as the inverted-F antennas, and the third antenna 
element functioning as the monopole antenna or the in- 
verted-F antenna and resonant at the third frequency 
band. Besides, the third antenna element is set to be 
resonant at thefourth frequency band, and the matching 
circuit for performing matching for the third frequency 
band is provided, so that transmission and reception of 
the broad-band of the four frequency bands is enabled. 
Thus, the broad-band antenna forthe mobile communi- 
cation of the invention can transmit and receive the three 
or four frequency bands used for the mobile communi- 
cation. 
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Claims 

1. A broad-band antenna for mobile communication, 
characterized in that a carrier made of a dielectric 

is disposed on a circuit board provided with a 5 
grounding plate on substantially a whole surface, a 
metal plate having a suitable shape is provided on 
an upper surface of the carrier, a first and a second 
antenna elements functioning as inverted-F anten- 
nas respectively resonant at a first frequency band 10 
and a second frequency band higher than the 
former are formed by providing an earthing terminal 
for electrically connecting the metal plate to the 
grounding plate and a feed terminal for electrically 
connecting the metal plate to the circuit board, a 15 
third antenna element having a base end electrical- 
ly connected to the feed terminal and resonant at a 
third frequency band of frequencies higher than the 
second frequency band is provided on a surface of 
the carrier, an end of the second antenna element 20 
and an end of the third antenna element are dis- 
posed to be spaced from each other by a distance 
of 0.1 wavelength or more of the third frequency 
band, and the end of the third antenna element is 
disposed to be spaced from the grounding plate by 25 
a distance of 0.01 wavelength or more of the third 
frequency band. 

2. A broad-band antenna for mobile communication, 
characterized in that a carrier made of a dielectric 30 
is disposed on a circuit board provided with a 
grounding plate on substantially a whole surface, a 
metal plate having a suitable shape is provided on 

an upper surface of the carrier, a first and a second 
antenna elements functioning as inverted-F anten- 35 
nas respectively resonant at a first frequency band 
and a second frequency band higher than the 
former are formed by providing an earthing terminal 
for electrically connecting the metal plate to the 
grounding plate and a feed terminal for electrically 40 
connecting the metal plate to the circuit board, a 
third antenna element having a base end electrical- 
ly connected to the feed terminal and resonant at a 
third frequency band of frequencies higher than the 
second frequency band is provided on a surface of 45 
a one side part of the carrier, and a matching circuit 
is connected to the feed terminal to perform match- 
ing for the third frequency band. 

3. A broad-band antenna for mobile communication, 50 
characterized in that a carrier made of a dielectric 

is disposed on a circuit board provided with a 
grounding plate on substantially a whole surface, a 
metal plate having a suitable shape is provided on 
an upper surface of the carrier, a first and a second 55 
antenna elements functioning as inverted-F anten- 
nas respectively resonant at a first frequency band 
and a second frequency band higher than the 



former are formed by providing an earthing terminal 
for electrically connecting the metal plate to the 
grounding plate and a feed terminal for electrically 
connecting the metal plate to the circuit board, a 
third antenna element having a base end electrical- 
ly connected to the feed terminal and resonant at a 
fourth frequency band of frequencies higher than 
the second f req uency band is provided on a surface 
of thecarrier, an end of the second antenna element 
and an end of the third antenna element are dis- 
posed to be spaced from each other by a distance 
of 0.1 wavelength or more of the fourth frequency 
band, the end of the third antenna element is dis- 
posed to be spaced from the grounding plate by a 
distance of 0.01 wavelength or more of the fourth 
frequency band, and a matching circuit is connect- 
ed to the feed terminal to perform matching for the 
third frequency band of frequencies intermediate 
between the second frequency band and the fourth 
frequency band. 

4. A broad-band antenna for mobile communication, 
characterized in that a carrier made of a dielectric 
is disposed on a circuit board provided with a 
grounding plate on substantially a whole surface, a 
metal plate having a suitable shape is provided on 
an upper surface of the carrier, a first and a second 
antenna elements functioning as inverted-F anten- 
nas respectively resonant at a first frequency band 
and a second frequency band higher than the 
former are formed by providing an earthing terminal 
for electrically connecting the metal plate to the 
grounding plate and a feed terminal for electrically 
connecting the metal plate to the circuit board, part 
of the grounding plate facing a one side part of the 
carrier is removed, a third antenna element having 
a base end electrically connected to the feed termi- 
nal and resonant at a fourth frequency band of fre- 
quencies higherthan the second frequency band is 
provided on a surface of the one side part of the 
carrier, and a matching circuit is connected to the 
feed terminal to perform matching for a third fre- 
quency band of frequencies intermediate between 
the second frequency band and the fourth frequen- 
cy band. 

5. A broad-band antenna for mobile communication, 
characterized in that a carrier made of a dielectric, 
provided with a hollow part and having a top plate 
part is disposed on a circuit board provided with a 
grounding plate on substantially a whole surface, a 
metal plate having a suitable shape is provided on 
an upper surface of the carrier, a first and a second 
antenna elements functioning as inverted-F anten- 
nas respectively resonant at a first frequency band 
and a second frequency band higher than the 
former are formed by providing an earthing terminal 
for electrically connecting the metal plate to the 
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22 



grounding plate and a feed terminal for electrically 
connecting the metal plate to the circuit board, a 
third antenna element having a base end electrical- 
ly connected to the feed terminal and resonant at a 
third frequency band of frequencies higher than the 5 
second frequency band is provided on a lower sur- 
face of the top plate part of the carrier, an end of the 
second antenna element and an end of the third an- 
tenna element are disposed to be spaced from each 
other by a distance of 0.1 wavelength or more of the 10 
third frequency band, and the end of the third an- 
tenna element is disposed to be spaced from the 
grounding plate by a distance of 0.01 wavelength 
or more of the third frequency band. 

15 

6. A broad-band antenna for mobile communication, 
characterized in that a carrier made of a dielectric, 
provided with a hollow part and having a top plate 
part is disposed on a circuit board provided with a 
grounding plate on substantially a whole surface, a 20 
metal plate having a suitable shape is provided on 

an upper surface of the carrier, a first and a second 
antenna elements functioning as inverted-F anten- 
nas respectively resonant at a first frequency band 
and a second frequency band higher than the 25 
former are formed by providing an earthing terminal 
for electrically connecting the metal plate to the 
grounding plate and a feed terminal for electrically 
connecting the metal plate to the circuit board, a 
third antenna element having a base end electrical- 30 
ly connected to the feed terminal and resonant at a 
fourth frequency band of frequencies higher than 
the second frequency band is provided on a lower 
surface of the top plate part of the carrier, an end of 
the second antenna element and an end of the third 35 
antenna element are disposed to be spaced from 
each other by a distance of 0.1 wavelength or more 
of the fourth frequency band, the end of the third 
antenna element is disposed to be spaced from the 
grounding plate by a distance of 0.01 wavelength 40 
or more of the fourth frequency band, and a match- 
ing circuit is connected to the feed terminal to per- 
form matching for the third frequency band of fre- 
quencies intermediate between the second fre- 
quency band and the fourth frequency band. 45 

7. A broad-band antenna for mobile communication 
according to any one of claims 1 to 3, 5 and 6, char- 
acterized in that part of the grounding plate facing 

a portion of the carrier where the third antenna ele- 50 
mentis disposed is removed to enlarge the distance 
between the end of the third antenna element and 
the grounding plate. 

8. A broad-band antenna for mobile communication 55 
according to any one of claims 1 to 6, character- 
ized in that the third antenna element is made to 
have a thin band shape, and is disposed on a side 



surface of the carrier so that its width direction is 
vertical to the grounding plate. 

9. A broad-band antenna for mobile communication 
according to any one of claims 1 to 4, character- 
ized in that the third antenna element is disposed 
at a height intermediate between the upper surface 
of the carrier and the circuit board. 

10. A broad-band antenna for mobile communication, 
characterized in that a carrier made of a dielectric 
is disposed on a circuit board provided with a 
grounding plate on substantially a whole surface, a 
metal plate having a suitable shape is provided on 
an upper surface of the carrier, a first and a second 
antenna elements functioning as inverted-F anten- 
nas respectively resonant at a first frequency band 
and a second frequency band higher than the 
former are formed by providing an earthing terminal 
for electrically connecting the metal plate to the 
grounding plate and a feed terminal for electrically 
connecting the metal plate to the circuit board, a 
third antenna element having a base end electrical- 
ly connected to the feed terminal and resonant at a 
third frequency band of frequencies higher than the 
second frequency band is provided to protrude from 
the carrier, an end of the second antenna element 
and an end of the third antenna element are dis- 
posed to be spaced from each other by a distance 
of 0.1 wavelength or more of the third frequency 
band, and the end of the third antenna element is 
disposed to be spaced from the grounding plate by 
a distance of 0.01 wavelength or more of the third 
frequency band. 

11. A broad-band antenna for mobile communication, 
characterized in that a carrier made of a dielectric 
is disposed on a circuit board provided with a 
grounding plate on substantially a whole surface, a 
metal plate having a suitable shape is provided on 
an upper surface of the carrier, a first and a second 
antenna elements functioning as inverted-F anten- 
nas respectively resonant at a first frequency band 
and a second frequency band higher than the 
former are formed by providing an earthing terminal 
for electrically connecting the metal plate to the 
grounding plate and a feed terminal for electrically 
connecting the metal plate to the circuit board, a 
third antenna element having a base end electrical- 
ly connected to the feed terminal and resonant at a 
fourth frequency band of frequencies higher than 
the second frequency band is provided to protrude 
from the carrier, an end of the second antenna ele- 
ment and an end of the third antenna element are 
disposed to be spaced from each other by a dis- 
tance of 0.1 wavelength or more of the fourth fre- 
quency band, the end of the third antenna element 
is disposed to be spaced from the grounding plate 
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by a distance of 0.01 wavelength or more of the 
fourth frequency band, and a matching circuit is 
connected to the feed terminal to perform matching 
for the third frequency band of frequencies interme- 
diate between the second frequency band and the 5 
fourth frequency band. 

12. A broad-band antenna for mobile communication 
according to any one of claims 1,2,5 and 1 0, char- 
acterized in that the first frequency band is set to 10 
have GSM or AMPS as an object or to have the 
GSM and the AMPS in a band, the second frequen- 
cy band is set to have DCS as an object, and the 
third frequency band is set to have PCS as an ob- 
ject. 15 

13. A broad-band antenna for mobile communication 
according to any one of claims 3, 4, 6 and 11 , char- 
acterized in that the first frequency band is set to 
have GSM or AMPS as an object or to have the 20 
GSM and the AMPS in a band, the second frequen- 
cy band is set to have DCS as an object, the third 
frequency band is set to have PCS as an object, 
and the fourth frequency band is set to have IMT- 
2000 as an object. 25 
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EXPLANATION OF SYMBOLS 

1. In Fig 10, symbols 1, 2, 3 and 4 denote resistance components and reactance components 
in the following freqencies. 

1 880MHz, 48.35ft, -37.39Q 

2 960MHz, 31.79ft, 22.77ft 

3 1710MHz, 38.96ft, -26.34ft 

4 1990MHz, 82.71ft, -29.65ft 

2. In Fig 11, symbols 1, 2, 3 and 4 denote resistance components and reactance components 
in the following freqencies. 

1 880MHz, 77.68ft, -38.58ft 

2 960MHz, 56.05ft, 5.16ft 

3 1710MHz, 44.87ft, -38.25ft 

4 1990MHz, 116.32ft, -74.46ft 

3. In Fig 21, symbols 1, 2, 3 and 4 denote resistance components and reactance components 
in the following freqencies. 

1 880MHz, 75.93ft, -14.029ft 

2 960MHz, 78.99ft, 4.16ft 

3 1710MHz, 25.89ft, 4.11ft 

4 2170MHz, 38.45ft, -19.45ft 

4. In Fig 22, symbols 1 , 2, 3 and 4 denote resistance components and reactance components 
in the following freqencies. 

1 880MHz, 85.15ft, -33.92ft 

2 960MHz, 25.89ft, 5.07ft 

3 1710MHz, 46.25ft, 24.47ft 

4 2170MHz, 28.45ft, 89.67ft 



29 



EP 1 387 433 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP02/03915 


A. CLASSIFICATION OF SUBJECT MATTER 




Int. CI 7 H01Q1/38, 13/08, 5/01 





According to International Patent Classification (IPQ or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01Q1/00-1/52, 13/00-13/20, 5/00-5/02 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2002 

Kokai Jitsuyo Shinan Koho 1971-2002 Jitsuyo Shinan Toroku Koho 1996-2002 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


E 


JP 2002-158529 A (Murata Manufacturing Co., Ltd.), 


1-13 




31 May, 2002 (31.05.02). 






Full text; all drawings 






(Family: none) 




P 


EP 114 6590 A2 (Murata Manufacturing Co., Ltd.), 


1-13 




17 October, 2001 (17.10.01), 






Full text; all drawings 






& US 2002/0030626 Al & CN 1322033 A 






& JP 2001-1298313 A & KR 2001098511 A 





x"| Further documents are listed in the continuation of Box C. I | See patent family annex. 



* Special categories of cited documents: "T" later document published after the international filing date or j 
"A" document defining the general state of the art which is not priority date and not in conflict with the application but cited to 

considered to be of particular relevance understand the principle or theory underlying the invention 
"E" earlier document but published on or after the international filing "X" document of particular relevance; the daimed invention cannot be 

date considered novel or cannot be considered to involve an inventive 
"L" document which may throw doubts on priority c!aim(s) or which is step when the document is taken alone 

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be 

special reason (as specified) considered to involve an inventive step when the document is 
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such 

means combination being obvious to a person skilled in the art 
B P* document published prior to the international filing date but later document member of the same patent family 

than the priority date claimed 


Date of the actual completion of the international search 
10 July, 2002 (10.07.02) 


Date of mailing of the international search report 
23 July, 2002 (23.07.02) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



30 



EP 1 387 433 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/03915 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 



WO 99/03166 Al (Allgon AB) , 
21 January, 1999 (21.01.99), 
Full text; all drawings 
& SE 9702659 A & AU 

& SE 511501 C2 & EP 

& EP 996992 Al & CN 

& CN 1261988 A & JP 

& KR 2001021595 A & US 

& US 6388626 Bl 



1-13 



9875603 A 
995231 Al 
1262791 A 
2001-510288 
6380895 Bl 



A 



A 



JP 2001-85934 A (Murata Manufacturing Co., Ltd.) 
30 March, 2001 (30.03.01), 
Full text; all drawings 
(Family: none) 

JP 2000-68736 A (Toshiba Corp.), 
03 March, 2000 (03.03.00), 
Full text; all drawings 
(Family: none) 



1-13 



JP 2001-53528 A (Murata Manufacturing Co 
23 February, 2001 (23.02.01), 
Full text; all drawings 
(Family: none) 



Ltd. ) 



1-13 



1-13 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



31 



